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Abstract. The first step of this study consisted of a visual analysis of Landsat 
images including contrast and colour analyses. This analysis helped us to Iocate 
four subimages (256 x 256 pixels). The processing of Landsat digital data consisted 
of several parts: (a) selection of the optimal channels for a multispectral classifica- 
tion of Landsat digital data: (b) determination of the thresholds, by different 
methods (frequency histograms, radiometric transects and radiometric-characten- 
zation of the zones); (c) multispectral classification of digital data represented by a 
computer-assisted multicoloured thematic map; (d) drawing of a remotely sensed 
map of the soil surface. The computer map was used as a basis for mapping the soil 
surface conditions of south-western Sinai (Egypt). 
. .. 
1. Introduction . - r  ...--- 
This research aims to present a complete methpld-to exploit v a ~ e d  Landsat data as 
. . _ _  a tool for soil survey. This tool presents important-a%sfancë-fÖr-soil surveying,. .. 
because it allows: 
(a) the drawing of a remotely sensed map of soil samples; 
(b) the study of the spectral behaviour of different types of soil surface through 
different channels; 
(c) the reduction of time and field work; 
( d )  increased efficiency of soil survey procedures; 
(e) the production of a computer-assisted map, useful for mapping the soils and ’ 
Briefly, the study of Landsat information is an important preparatory step in soil 
wrvevinc. It is also necessary for investigating- the relationships between Landsat 
- -  ~ _ _ _  __ _ _  
- their surfaces. 
_- I __ -, v digital data and soil surface conditions (SSC). - - I- - __ 
_. - - ~. .-- 2. Materials and methods 
The area studied, located in the SW Sinai Egypt .(figure 1, Egyptian Ministry of 
Education 1970), presents an ideal region favouring remote sensing studies due to the 
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. - -  Figure 1. Location of the area studied. . -. 
absence of vegetation cover and low rainfall. This area lies completely in the Landsat.. 
scene 188-40, of 5 April 1981. The data have been studied in two successive stages: 
During visual analysis the Girard method (1977) was extended to draw the 
contrast map. The coloured composition was analysed according to colour and 
structure (Babiker 1985). 
. - 
. 
. -  visual analysis, and the processing of MSS data. ._ - -- - 
,,.." .~.. . i  _=., i ..- .... - .  .  
Processing of the Landsat digital data consisted of three phases: 
(a) Selection by scattergrams analysis of the most informative channels, that 
(b) Determination by detailed analysis of the representative subimages of the 
thresholds of digital data classification. (256 x 256 pixels). This study includes . . . 
three analyses: frequency histograms, transects and radiometric characteriza- 
tion of zones (10 x 10 pixels). This detailed study was carried out.an,an.image : ' . - z : ~ ~  
' 
_' 
. .- _ .  -.--I provide the maximal ground information. . .  
display. . .  
(c) Multispectral classification was carried.. out. by -.the 'LOTERIE' -method . 
'- _____ . (ORSTOM . 1978), a kind of hypercubic combination of the most discriminant 
~ channels, 4, 5 and 7. In this classification the pixels with the same digital data 
were grouped into 'cubes'. These cubes were then visualized and grouped into 
- .  themes organized according to their radiometFie-values. .Then this classifica- - ' 
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In the field the soil profiles and their surface conditions were described with - - 
special attention to the absence or presence (the abundance) of crusted-surfaas, 
sandy surfaces and surfaces covered with coarse elements (e.g. gravel, stones and 
rocks). The areas of these surfaces were estimated. 
In the laboratory, the following analyses were carried out: distribution of particle 
size (ORSTOM 1972), total carbonates (Richards 1954), Dolomite (Peterson et al. 
1966) and gypsum contents. The diagnostic values of FAO (1975) were used to 
determine the different textural types. These analyses allowed the grouping of the SSC 
classes into phases (Abd El-Hady 1987). - 
3. Results and discussion 
3.1. ?he visual analysis 
The visual analysis of the contrasts map and coloured composite image allowed 
the principal geomorphological units to be noted. Also, it provided some indications 
related to the spectral behaviour of different surfaces. This analysis determined the 
location of the four sub-images, which was based on the criterion of containing the . 
maximal variations of colours and contrast values. 
3.2. Processing of Landsat digital data (MSS)  
3.2.1 Selection of the most informative channels 
The channel scattergrams were traced (see figures 2 and 3). These scattergrams 
reveal that the pixels of channels 4 and 7 form a dispersed pattern (figure 2). This 
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Figure 2. Scattergram of MSS 4-MSS 7. 
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(a) Frequency histograms were generated for every subimage. The obvious modes 
of the histograms and the calculation of the number of pixels in each spectral class 
made the segmentation easier. 
(b) Radiometric transects. These are graphic representations that indicate the 
radiometric value (on the ordinate) and their positions across the transect (on the 
abscissa). These transects allow an estimate of the maximum and minimum values of 
each themes. 
(c) Radiometric characterization of the test zones. Depending on the coloured 
composite images, 42 test zones were selected. Each zone might represent a distinct 
tions (heterogeneity index), the averages and maximal and minimal values of these 
zones were extracted. The zones characterized by a high standard deviation were 
excluded from our study, while 40 spectrally homogeneous zones were chosen as 
observation sites. - '. 
These averages are important for multispectral classification, and also for the 
studying of the relationships between satellite digital data and soil surface conditions. 
The maximal and minimal values represented the spectral signature of the_+ zones. 
- - 
theme. These chosen zones were characterized radiometrically. The standard devia- -._ 
3.2.3. Multispectral classification 
The thresholds determined by the previous analysis were used to develop a 
semisuperized multispectral classification in which the spectrally similar points were 
packed into 'cubes'. Then they were grouped into 13 themes which were reconstitued 
as a computer-assisted map (figure 4). This map was-used-as a basis for mapping soil 
surface conditions (SSC). 
. ..'. 3.2.4. Remotely sensed mapping of soil - -  . - _-I.-____._ -__-_.. :-.. , -  
The importance of the soil sampling map is due to the fact that the extrapolation 
of the results obtained forms the principal phase in the majority of remotely. sensed . 
studies. The validity of this extrapolation is principally dependent -on the sampling . ~ - 
scheme. 
-. 
Landsat digital data allows elaboration of the remotely sensed soil map which is 
composed of sites of different digital data as follows. . . .. 
Detailed analysis of radiometric transects andcomposite image was used to locate -- . .  
. -... 42 test zones (sites of observation) that represent the different themes. The 3ocations.- 
of these zones.were used to map the soil sampling scheme (figure 5). Each zone 
contains 8 1 pixels (36 hectares). Every observation-area. is-nearly four times more than 
the-sample minimum.aEea as estimated by Townshend (1981). The idea of +e sqdare 
sample shape was also respected. The orientation of the test zones was not-parafiil to.. 
the scan order (as it is advised). We preferred that the distribution Óf test zones 
followed the direction of slope of the area studied. This distribution offers the 
'-maximal. internal. homogeneity (within every ,zone). and the maximal heterogeneity 
(between the zones). This method of remotely sensed spëcified points was used 
The field study distinguished the -following main.ggses.~f SS.C;,,------.- - . 
-.--. . . .. 
.. . .. . . _ _  _ - _  
throughout the characterization and mapping of SSC. . ... 
(i) crusted surface: gypsum and/or carbonates crust covecng - _. more 60 per cent of 
the zone area; - . I .~ .   
- 
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(io moderately crusted surface: 40 to 60 per cent of the zone area covered by 
(iii) sandy surface: surface free from the crust and coarse elements. The crust and/ 
(iu) gravelly and rocky surface: more than 40 per cent of the zone area covered by 
The distribution of these classes was represented in figure 6 ,  which shows that at 
the vallons of Baba and Suder crusted surfaces are completely absent while gravelly 
and rocky ones are dominant. Sand soil surfaces are widespread at the Feiran vallon 
and the northern part of the El-Qa plain. The superficial materials of the Cabliate 
Mountains cover the crusted surfaces of the surrounding region. 
crust; 
or coarse elements do not cover more than 20 per cgnt of the area; 
- coarse elements. 
3.2.5. Characterization and mapping of SSC _. 
This study revealed that superficial characteristics of the area studied are 
(a) The vallon of Baba is characterized by a moderately undulating surface, 
- -  moderate slope, coarse texture (FAO 1975) high carbonates content, low 
gypsum content and strong salinity. 
(b) The vallon of Suder is distinguished by an extremely undulating surface, 
severe slope, coarse to medium texture, low carbonate and gypsum content 
and moderate salinity. 
distributed as follows. 
Figure 4. Computer map composed of 13 themes. 
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Figure 5. Remotely sensed soil sampling map. - -- . - ._ 
(c) T_he vallon of Feiran is generally characterized by slightly undulating surface, 
- - gx&-slope,-medium -____ . texture, low carbonate and gypsum contents and weak 
( d )  The northern part of the El-Qa plain is characterized by slightly to moderately 
undulating surface, moderate slope, medium texture, high carbonate and 
(e) The southern part of the El-Qa plain is distinguished by a plain surface, gentle 
slope, coarse texture, low carbonate and gypsum contents (with some excep- 
tions in the north) and strong salinity. 
- --safi€líL-.--.----- 
-- 
- -I gypsum contents and relatively strong salinity. - - I_ 
- - ---_ _- _- 
___I 
- --_ - 
= .  . -  3.2.6. Assëssment of the ability of MSS tÖ map-the SSCoYthe arid-regions- 
The-c=~m~~~~onpetW_ee_n the ground truth and the computer map shows that this 
zone&&lhkmap gravels and stones on a background of crust and/or sandy so4 are 
similar. In the intenor of some cartographic units, the distinctions betiveen-thethree- - - - 
components (crust, sandy soil, coarse elements) have often disappeared. 
map could not- distinguish between the calcareous coarse elements and the granitic I __  
- 7- - - - 
This can be interpreted by the following facts: 
(a)  the surface roughness becomes the dominant factor affecting the pixels' grey 
levels; 
L. T I ,  
Figure 6. Map of the soil surface conditions (south-western Sinai). 
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I N D I T I O N S  
REIKH 
n 
In arid regions, the SSC can be grouped into four classes according to the surface 
composition (crust, coarse elements, sandy soil). Based on certain adaphological ._ 
characteristics, these classes are subdivided into phases. 
The characterization and mapping of SSC shows that the northern part ofthe El- 
Qa plain and the vallon of Feiran have higher agricultural potential in the south- 
western Sinai. [ 
celly established. Three great groups were differentiated; Gypsiorthids, Paleorthids 
and Salorthids. The two first great groups were also classified down to the family level 
(!Abd El-Hady 1987). 
The relationship between the SSC and their underlying soils were physiographi- . 
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